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MULTI-FINGER TRANSISTOR 
BACKGROUND OF THE INVENTION . 

Field of the Invention 

[0001] The present invention relates to a structure of a semiconductor device. . More 
particularly, the present invention relates to a structure of a multi-finger transistor that is 
suitably used as an electrostatic discharge (ESD) protection device. 

Description of the Related Art 

[ti002] In accompany with continuous reduction in dimensions, IC devices, especially 
the gate oxide layers therein, are more and more easily damaged by ESD. Therefore, 
additional ESD protection devices are usually designed in integrated circuits. One type 
of ESD protection device is the multi-finger transistor, which is usually constituted of 
multiple NMOS triaiisistors, 

[0003] FIG. 1(A), (B) and (C) illustrate a conventional multi-finger transistor in a top 
view, in B-B' cross-sectional view and in C-C cross-sectional view, respectively. As 
shown in FIG. 1, the conventional multi-finger transistor 100 is formed on a P-substrate 
10, including gates 1 10, N-doped source regions 120, N-doped drain regions 130, a field 
oxide layer 140 and drift regions 150, The P-substrate 10 ftirther includes two pick-up 
regions 12 at two sides of the multi-finger transistor 100. A giate 1 10 is separated from 
the substrate 10 by a gate dielectric layer 108, and overlies a channel region 106. A 
source/drain region 120/130 is separated froin the adjacent channel region 106 by the 
field oxide layer 140, and the drift regions 150 are located under the field oxide layer 
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140 between the source/drain region 120/130 and the gate 110. In addition, the dotted 
line in FIG. 1(A) represents the boundary of an opening in a mask layer for defining the 
drift regions 1 50. 

[0004] FIG. 1(B) further depicts the parasitic NPN bipolar junction transistors (BJTs) in 
the multi-finger transistor 100, wherein each parasitic BJT is constituted of an N-doped 
drain region 130, an N-doped source region 120 and the P-substrate 10, which act as a 
collector electrode, an emitter electrode and a base electrode, respectively. 
[0005] As shown in FIG. 1, since the central NMOS transistors are more distant from 
the pick-up regions 12, the base resistance (Rsub) of the corresponding parasitic BJT is 
higher. Meanwhile, since the breakdown voltages of all drain regions 130 are the 
same, the magnitude of the breakdown current firom each drain region 130 to the 
substrate 10 is uniform. Therefore, when an ESD event occurs, the junction voltage 
between the collector (drain region 130) and the base (substrate 10) of the central 
parasitic BJTs is higher, so that the central parasitic BJTs are switched on first. The 
details of the above theory can be found in Hsu et al, "An Analytical Breakdown Model 
for Short-Channel MOSFET'S" IEEE Trans. Electron Device November 1982. 
Consequently, most, of the ESD current will flow through the central NMOS, and 
contact spiking or junction punch easily occurs to the drain region thereof to 
significantly deteriorate the ESD protection function of the multi-finger transistor. 
[0006] To solve the aforementioned problems, U.S. Patent No. 5,831,316 discloses 
another multi-finger transistor structure, wherein the diffusion region for providing the 
weli/substrate contact is distributed in the source region to make the base resistance 
value of the parasitic NPN (or PNP) transistor in each finger NMOS equal to each other. 
However, by distributing the well/substrate contacts in the source region, the lateral area 
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of the multi-finger transistor is significantly increased to adversely affect the device 
miniaturization. 

SUMMARY OF THE INVENTION 
[0007] Accordingly, this invention provides a multi-finger transistor that includes a 
special drift region structure for simultaneously switching on all parasitic BJTs on an 
ESD event to prevent damage of the drain regions of the central transistors. 
[0008] The multi-finger transistor of this invention includes multiple parallel transistors. 
Each transistor includes a gate dielectric layer and a gate on a substrate, a source/drain 
region in the substrate beside the gate, and a drift region in the peripheral substrate of 
the source/drain region separating the gate and the source/drain region. The width of 
the drift region extending from the side boundary of the source/drain region increases 
with the increase in the distance between the transistor and the pick-up region of the 
substrate. That is, when the pick-up regions are disposed at two sides of the 
multi-finger transistor substaiitially along the arrangement direction of the transistors, 
the extension width of the drift region increases stepwise from the edge portions of the 
inulti-fingef transistor toward the central portion of the same. 

[0009] In the multi-finger transistor of this invention, a drain region accompanying witH 
a drift region wider in the side direction has a higher breakdown voltage, so that the 
breakdown current from the drain region to the substrate is smaller. Therefore, the 
substrate currents from the drains of the transistors more distant from the pick-up region 
are smaller, thereby compensating the effect of the higher base resistance of the 
parasitic BJTs. Consequently, each parasitic BJT can be switched on at the same time 
to evenly share the ESD current, so that the ESD protection function of the multi-finger 
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transistor can be assured. Moreover, since no additional substrate/well pick-up region 
is disposed in the multi-finger transistor of this invention, the lateral area of the 
multi-finger transistor is not increased in this invention. 

[0010] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] The accompanying drawings are included to provide a further understanding of 
this invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. 

[0012] FIG. 1(A), (B) and (C) illustrate a conventional multi-finger transistor in a top 
view, in B-B' cross^sectiorial view and in C-C cross-sectional view, respectively. 
[0013] FIG. 2(A), (B) and (C) illustrate a multi-finger transistor according to a preferred 
embodirrient of this invention in a top view, in B-B' cross-sectional view and in C-C 
cross-sectional view, respectively. 

[0014] FIG. 3 illustrates an exemplary method for forming the drift regions of the 
multi-finger transistor shown in FIG. 2, wherein FIGs. 3(A), (B) and (C) show the top 
view, B-B' cross-sectional view and C-C cross-sectional view, respectively, of the 
resulting structure after a first stage of the method, and FIGs. 3(D) and (E) show the 
resulting structure after a subsequent second stage of the method. 

[0015] FIG. 4 illustrates another exemplary shape of an opening in a mask layer for 
defining drift regions according to the preferred embodiment of this invention. 

4 



FILE: 12280USF.RTF 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] iFIG. 2(A), (B) and (C) illustrate a multi-finger transistor according to the 
preferred embodiment of this invention in a top view, in B-B' cross-sectional View and 
in C-C cross-sectional view, respectively. 

[0017] Referring to FIG. 2, the multi-finger transistor 200 is disposed on a P-well (or 
P-substrate) 20, including multiple parallel gates 210, N-doped source regions 220, 
N-^doped drain regions 230, a field oxide layer 240 and drift regions 250. The P-well 
20 further iricludes two pick-up regions 22 at two sides of the multi-finger transistor 200 
along the arrangement direction of the parallel transistors. The gates 210 are connected 
to each other at the ends of the same side, and are separated firom the P-well 20 by gate 
dielectric layers 208 overlying channel regions 260. The source regions 220 and the 
drain regions 230 are located in the P-well 20 between the parallel gates 210, and are 
arranged alternately in the P-well 20. A drain region 230 or a non-terminal source 
region 220 is shared by two NMOS transistors, and the width of each drain region 230 
is larger than that of each source region 220, as shown in FIG. 2(B). Within the 
domaiii of the ihulti-finder transistor 200, the field oxide layer 240 covers all regions 
except the source/drain regions 220/230 and the channel regions 260, and therefore 
separates the source/drain regions 220/230 and the channel regions 260. The field 
oxide layer 240 is partially covered by the gates 210, and the drift regions 250 are 
located under the field oxide layer 240. In addition, the dotted line in FIG. 2(A) 
represents the boundary of an opening in a mask layer for defining the drift regions 250, 
which will be explained later. 
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[0018] Referring to FIG. 2 again, for an NMOS transistor in the two wing sections of 
the muhi-finder transistor 200, the drift region 250 thereof merely exists between the 
gate 210 and the source/drain region 220/230, For an NMOS transistor in the central 
section, however, the drift region 250 surrounds the drain region 230. In other words, 
in an NMOS transistor of the central section, the drift region 250 extends from the side 
boundary of the drain region 230 by a width "W", as shown in FIG. 2C. Since the 
drain region 230 in an NMOS transistor of the central section is connected with the drift 
region 250 at two sides thereof, the curvature of junction depletion region of the drain 
region 230 can be reduced to result in a breakdown voltage higher than that of the drain 
region 230 of an NMOS transistor in the two wing sections. 

[0019] FIG. 2(B) fiirther depicts the parasitic NPN-BJTs in the multi-finger transistor 
200, wherein each parasitic BJT is constituted of an N-doped drain region 230, an 
N-doped source region 220 and the P-well 20, which act as a collector electrode, an 
erhitter electrode and a base electrode, respectively. Since the pick-up regions 22 are 
located at two sides of the multi-finger transistor 200, the base resistance of parasitic 
BJT increases toward the central section of the multi-finger transistor 200. 
[0020] FIG. 3 illustrates an exemplary method for forming the drift regions of the 
multi-finger transistor shown in FIG. 2. FIGs. 3(A)i (B) and (C) show the top view, 
B-B' cross-sectional view and C-C cross-sectional view, respectively, of the resulting 
structure after a first stage of the method. FIGs. 3(D) and (E) show the resulting 
istructure after a second stage of the method. 

[0021] Referring to FIGs. 3(A)/(B)/(C), a patterned mask layer 202 is formed on the 
substrate 20, approximately covering the regions where the channel regions 206 and the 
source/drain regions 220/230 will be formed (see FIG. 2(A)). A patterned photoresist 
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layer 204 having an opening 206 therein is then formed on the substrate 20, wherein the 
opening 206 has a wider central section and therefore can be divided into three sections. 
The width of each section corresponds to the extension width of the drift regions that 
will be formed at the same location. Thereafter, the mask layer 202 and the photoresist 
layer 204 are used as a mask to form drift regions 250 in the exposed substrate 20. The 
method for forming drift regions 250 includes, for example, an ion implantation 
process. 

[0022] Referring to FIGs. 3(D)/(E), after the photoresist layer 204 is removed, a thermal 
oxidation process is performed to form a field oxide layer 240 on the portions of the 
substrate 20 not covered by the patterned mask layer 202. Thus the drift regions 250 
are located under the field oxide layer 240. 

[0023] Thereafter, subsequent processes are conducted to form the gate oxide layer, the 
gates and the source/drain regions, as shown in FIG. 2. The gate oxide layer 208 is 
formed with, for example, a wet thermal-oxidation process. The gates 210 are made 
fi"om a conductive material, such as a polysilicon material formed with LPCVD. 
[0024] In addition, when more transistors are included in a multi-finger transistor so that 
the difference of base resistance is fiirther increased, the extension width of drift region 
can have more variations. Specifically, the miilti-finger transistor can be divided into 
2/w-M sections (/w = 1, 2 or other positive integer) along the arrangement direction of the 
constituting transistors. The extension width of drift region is smallest in the two 
outmost sections, and increases stepwise toward the central section of the multi-finger 
transistor. 

[0025] When m is equal to 2, for example, the opening in a mask layer for defining drift 
regions may have a shape as shown in FIG. 4. In FIG. 4, the opening in a mask layer is 
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labeled with "400", while the regions where drain regions will be formed are labeled 
with "410". The opening is divided into 5 sections {m = 2), wherein the width of the 
two outmost sections corresponds to a drift region extension width of zero, and the 
section width increases toward the central section. That is, the width of the central 
section corresponds to the largest drift region extension width, such as 1.0/mi; the width 
of the two sections adjacent to the central section corresponds to a smaller drift region 
extension width, such as Q.Sfjm. 

[0026] As mentioned above, in the multi-finger transistor according to the preferred 
embodiment of this invention, a drain region accompanying with a wider drift region 
has a higher breakdown voltagie, so that the breakdown current from the drain region to 
the substrate is smaller. Therefore, the substrate current from the drain of the central 
transistor is smaller, thereby compensating the effect of the larger base resistance of the 
corresponding parasitic BJT. Consequently, each parasitic BJT can be switched on at 
the same time to evenly share the ESD current, so that the ESD protection fimction of , 
the multi-finger transistor can be assured. Moreover, since no additional substrate/well 
pick-up region is disposed in the miilti-finger transistor of this invention, the lateral area 
of the multi-finger transistor is not increased in this invention. 

[0027] According to the preferred embodiment of this invention, the extension width of 
drift region increases stepwise from the edge sections of the multi-finger transistor 
toward the central section of the same since the substrate/well pick-up region is located 
at two sides of the multi-finger transistor. Nevertheless, this invention can also be 
applied to the cases where the substrate/well pick-up region is not located at two sides 
of the multi-finger transistor, according to the principles of this invention. More 
specifically, by following the rule that the extension width of drift region increases with 
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the increase in the distance between the transistor and the substrate/well pick-up region, 
the reduction of substrate current can compensate the increase in base resistance without 
respect to the location of the pick-up region. Thus each parasitic bipolar junction 
transistors can be switched on simultaneously to prevent the multi-finger transistor fi-om 
being damaged. 

[0028] It will be apparent to those skilled in the art that various modifications and 
variations can be made to the structure of the present invention without departing fi-om 
the scope or spirit of the invention. In view of the foregoing, it is intended that the 
present invention covers modifications and variations of this invention provided they 
fall within the scope of the following claims and their equivalents. 
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